To evaluate the clinical value of serum high mobility group box chromosomal protein 1 (HMGB1) levels in making the early diagnosis of recurrent cervical squamous cell carcinomas (CSCC) and compare it with the value of serum squamous cell carcinoma antigen (SCCA), cytokeratin fragment (CYFRA) 21-1, and carcinoembryonic antigen (CEA) levels.
Cervical carcinoma, one of the most frequent malignant tumors of the female reproductive system, remains to be among the leading causes of cancer-related death among women globally (1, 2) . Approximately 30% of International Federation of Gynecology and Obstetrics (FIGO) stage IB2 to stage IV cases will ultimately recur, despite modern multimodality treatment (3, 4) . Mostly, recurrence and metastasis occur in the local cervix, pelvic wall, and retroperitoneal lymph node. It is difficult to distinguish those diseases, except local relapse from radiation reaction or organized lymphocyst. One of the methods to identify early recurrence and prolong overall survival is screening of asymptomatic patients (5) . In clinical practice, some tumor markers which can improve the sensitivity and specificity of diagnosis and prognostic prediction of recurrent cervical cancer have been used (6) (7) (8) (9) . Although recent advances have revealed different pathways in cervical carcinogenesis, no biomarker has yet been found to be significantly associated with the disease recurrence or clinical outcome in cases of cervical cancer. Therefore, finding new serum tumor markers of recurrent cervical squamous cell carcinomas (CSCC) for evaluating the cut-off value has become a frequent subject of investigation in the recent years.
Nuclear protein, high mobility group box-1 (HMGB1), has been found to play an important role in tumor development, growth, and spread. Increased expression of HMGB1 has been reported in several different tumor types, including breast carcinoma (10), colorectal cancer (11) , prostate cancer (12) , pancreatic cancer (13) , and hepatocellular carcinoma (14) . HMGB1 plays a role in metastasis development, and thus links it to poor prognosis in a variety of cancers (15) . In this study, we hypothesized that patients with recurrent cervical cancer would overexpress HMGB1 in tissue and serum.
PatientS anD MethoDS

Patients
All patient-derived specimens were collected and archived under protocols approved by the institutional review boards of Shandong Cancer hospital and institution. Archival tissues in paraffin blocks were retrieved from the Department of Pathology at Shandong Cancer Hospital. Written informed consents were obtained from the patients. Immunohistochemical staining of 66 recurrent CSCC paraffin block tissues, 70 non-recurrent CSCC tissues, and 28 healthy cervical tissues from the archive of the Department of Pathology, was performed to analyze the cellular localization of HMGB1 expression.
Blood samples were obtained with the written informed consent from 112 women with recurrent CSCC and from 174 women with non-recurrent carcinoma of the uterine cervix at Shandong Cancer Hospital between January 2000 and September 2008. All of the cervical cancer patients were clinically staged according to the FIGO staging system. Tumor size was clinically measured by magnetic resonance imaging scan. Plasma samples were collected before and after the initiation of treatment and centrifuged at 1500 g at 4°C for 10 minutes. The separated plasma was aliquoted and stored at -80°C for future analysis. Control plasma specimens (n = 128) were derived from agematched examinees receiving health checks at Shandong Cancer Hospital and showing no history of disease and no abnormalities in laboratory examinations. The description of all patients involved in this trial is presented in Table 1 .
Diagnosis of local recurrence was mainly based on imaging examination accompanied with pelvioscopy and colpocy- immunohistochemistry Archived paraffin blocks were derived from patients who had surgery at Shandong Cancer Hospital. Paraffin sections were antigen-retrieved, blocked in normal horse serum, and incubated in mouse anti-HMGB1 at 1:200 (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) overnight at 4°C. After 3 washes in phosphate-buffered saline, sections were incubated with secondary antibody for 1 hour at 37°C. Positive reactions were detected by incubating the slides with stable 3,3-diaminobenzidine for 3 to 5 minutes. Sections were counterstained with Gill's hematoxylin for 3 to 6 minutes. The intensity of protein expression was evaluated using OPTIMAS 6.5 software (Optimas Corp., Seattle, WA, USA). To assess the results, we used the immunostaining score corresponding to the sum of staining intensity (strong positive staining in most cells -3+; moderate staining -2+; weak staining -1+; and no evidence of staining -0) and the percentage of positive cells (more than 50% of cells staining positive -3+; 5-50% of cells staining positive -2+; fewer than 5% of cells staining positive -1+; and no cells staining positive -0). Slides were scored in the absence of any clinical data, and the average score of 3 observers was reported as the final immunostaining score.
Statistical analysis
One-way ANOVA was used for comparison of marker serum levels between the 3 groups, and a P-value lower than 0.05 was considered significant. In addition, ROC analysis was performed and the area under the curve (AUC) was calculated separately for each of the 4 markers of interest and for the combinations of markers. The receiver-operating characteristic (ROC) curve, which is defined as a plot of testing sensitivity, as the "y" coordinate vs its 1-specificity or false positive rate, and as the "x" coordinate, has been widely accepted as the standard method for describing and comparing the accuracy of medical diagnostic tests (17, 18) . The overall survival and disease-free survival curves were calculated using the Kaplan-Meier method and the log-rank test. All analyses were performed using SPSS version, 13.0 (SPSS Inc., Chicago, IL, USA). (Figure 1 ) demonstrated that HMGB1 was mostly expressed in the nuclei and cytoplasm of carcinoma cells and some fibroblasts. HMGB1 staining was weaker in normal adjacent epithelial cells than in cervical cancer tissues.
ReSuLtS
Significantly higher mean immunostaining score was found in the recurrent CSCC tissue sections than in non-recurrent CSCC sections (2.96; 95% CI, 2.10-5.42 vs 1.57; 95% CI, 1.10-3. 27). There was no significant difference in immunostaining scores according to age, tumor size, and differentiation grade (P = 0.133). However, according to Pearson χ 2 test in patients with cervical cancer, HMGB1 levels correlated with FIGO stage (P = 0.012), lymph node metastases (P = 0.028), local relapse (P = 0.008), and distant metastasis (P < 0.001) ( Table 2 ).
Serum hMGb1, SCCa, CYFRa21-1, and Cea levels in CSCCs Serum levels of HMGB1, SCCA, CYFRA21-1, and CEA are shown in Figure 2 . Mean HMGB1 levels in women with recurrent CSCC (50.8 ng/mL; 95% CI, 34.4-87.l) were significantly higher (P = 0.027) than in women with non-recurrent disease (15.1 ng/mL; 95% CI, 10.1-18.9) and healthy controls (7.6 ng/mL; 95% CI, 3.1-11.4). There was a significant difference in serum CYFRA21-1 between patients with recurrent CSCC (8.4 ng/mL; 95% CI, 2.4-22.3) and patients with non-recurrent disease (5.1 ng/mL; 95% CI, 2.1-13.4). Higher serum SCCA and CEA were also observed in recur- rent CSCC group, but the difference did not reach significance (P = 0.086).
RoC curves
The serum levels of tumor markers HMGB1, SCCA, CY-FRA21-1, and CEA were evaluated by ROC. The ROC curves of HMGB1 and SCCA were located closer to the theoretical 100% sensitivity and specificity values than the ROC curves of other investigated markers (Figure 3) . Also, the AUC of every tumor marker was calculated. The AUC of HMGB1, SCCA, CYFRA21-1, and CEA was 0.816, 0.768, 0.703, and 0.625, respectively, suggesting clinical usefulness of the first 3 tumor markers for diagnosing recurrent cervical cancer. HMGB1 had the strongest integrative ability to differentially diagnose cervical cancer relapse (Figure 3 ). The point closest to the upper left-hand corner of the graph was chosen as the cut-off point. Markers' cut-off levels were as follows: HMGB1 < 21.8 ng/mL, SCCA<2.6 ng/mL, CYFRA21-1 < 6.2 ng/mL, and CEA<5.0 ng/mL.
We also calculated the sensitivity, specificity, positive likelihood ratio (PLR), and negative likelihood ratio (NLR) of the markers. PLR is the ratio of real positive rate to false positive rate, while NLR is the ratio of false negative rate to real negative rate. Tests with higher PLR have greater ability to confirm the disease, while tests with lower NLR have greater ability to exclude the disease. Our results showed that when comparing single tumor markers, HMGB1 had the best specificity and PLR (78.0% and 3.25, respectively), whereas SCCA had the best sensitivity and NLR (76.3% and 0.34, respectively).
Combined measurement
A result of parallel combined testing was considered positive if the value of any of the 4 tumor markers was higher than the cut-off value. This test increased the diagnostic sensitivity to 91.48%, but decreased the specificity and PLR priority. In serial combined testing, a positive result was defined only when the values of the 4 tumor markers were all higher than the cut-off value. This test decreased the diagnostic sensitivity, but increased the specificity and PLR to 92.2% and 6.3, respectively (Table 3) .
Sensitivity and specificity values obtained in multiparametric tumor marker analysis are given in Table 4 . When 2 markers were determined in identical blood sam- ples, combined sensitivity values showed that the combination of HMGB1 and SCCA (with a sensitivity of 86.65% in parallel combination and a specificity of 80.48% in serial combination) was superior to the combinations of other markers. Parallel and serial combinations of 3 markers (HMGB1 in combination with SCCA and CYFRA21-1) lead to a superior sensitivity and specificity of 91.48% and 87.59%, respectively. Parallel combinations of 4 markers did not lead to a further increase in sensitivity, however, serial combination increased the specificity to 92.16%.
hMGb1 expression is correlated with prognosis in cervical cancer patients HMGB1 expression in cervical cancer was significantly correlated with the overall survival (P = 0.018) and disease-free survival (P = 0.009; Figures 4A and 4B ), indicating that the high serum level of HMGB1 was correlated with a shorter survival. Multivariate survival analysis, which included age, FIGO stage, differentiation grades, disease relapse, and HMGB1 expression, was carried out to determine whether the serum level of HMGB1 was an independent prognostic factor of outcomes (Table 5 ). Serum HMGB1 level had a significant correlation with prognosis and was an independent prognostic factor of outcomes of recurrent cervical cancer.
DiSCuSSion
We showed that HMGB1 protein was overexpressed in 71.2% of CSCC tissues and only in 41.7% of non-recurrent cervical cancer tissues. HMGB1 overexpression was significantly associated with FIGO stage, disease relapse, lymph node metastases, and distant metastasis. We also measured the levels of serum HMGB1 by ELISA and demonstrated that serum HMGB1 levels were significantly higher in patients with recurrent cervical cancer than in patients with non-recurrent disease or healthy women. Comparing single tumor markers, our results showed that HMGB1 had the best specificity and PLR, whereas SCCA had the best sensitivity and NLR. ROC curve analysis showed that HMGB1 had the strongest integrative ability to differentially diagnose cervical cancer relapse, stronger than SCCA, CYFRA21-1, or CEA. When 2 markers were determined in combination in identical blood samples, sensitivity values showed that the combination of HMGB1 and SCCA was superior to the combinations of other markers. HMGB1 combined with SCCA and CYFRA21-1 lead to a superior sensitivity and specificity. Parallel combination of 4 mark- *abbreviations: hMGb1 -high mobility group box chromosomal protein 1; SCCa -squamous cell carcinoma antigen; CYFRa21-1 -cytokeratin fragment 21-1; Cea -carcinoembryonic antigen. †Parallel combined testing, a positive result was defined if the value of any of the tumor markers was higher than the cut-off value. ‡Serial combined testing, a positive result was defined only when the values of the tumor markers were all higher than the cut-off value.
ers did not lead to a further increase in sensitivity, which suggested a low clinical usefulness for CEA in the diagnosis of CSCC.
Furthermore, we found that serum HMGB1 level was inversely correlated with overall survival and disease-free survival. The patients with higher expression of HMGB1 had a shorter survival. In multivariate analyses, high expression of HMGB1 was a significant predictor of poor prognosis for recurrent CSCC patients and was an independent prognostic factor of outcomes of recurrent cervical cancer. Thus, our study showed that HMGB1, as a potentially oncogenic protein, might play an important role in the recurrence of CSCC and poor outcome. These observations provide new insight into the understanding of HMGB1 protein in cancer. In the present study, we did not find a significant difference between differentiation grades in cervical cancer, as we did for FIGO stage, disease relapse, and lymph node metastases. This may be due to the small sample size of poor differentiation (n = 34). However, further studies are needed to validate this observation.
It is well known that tumor markers play an important role in the diagnosis of recurrence of cancers. Cervical carcinoma is the most frequent disease of the reproductive organs and its recurrence rates are still high. Many tumor markers have been used in the diagnosis and monitoring of the relapse of CSCC. Serum SCCA is a commonly used serum marker for CSCCs. Previous studies have reported that increasing serum SCCA can precede the clinical diagnosis of relapse in 46-92% of cases (19) (20) (21) . However, it is still a matter of debate whether serum SCCA assay may represent a prognostic variable and be useful for earlier diagnosis of relapse (22, 23) . Most reports found CYFRA 21-1 to be a less sensitive serum tumor marker for squamous cell cervical cancer than SCCA (24) (25) (26) . One-third of SCCA-negative patients are CYFRA 21-1 positive, and thus CYFRA 21-1 assay appears to be a useful supplementary test in a small subset of patients with squamous cell cervical cancer. CEA has also been correlated with clinical stage, parametrial invasion, tumor size, and lymph follicle metastasis in squamous cervical cancer (27, 28) .
On the other hand, measurement of these tumor markers has limited clinical application due to a lack of evidence on their specificity and accuracy. New tumor markers useful in the early diagnosis and in monitoring of the treatment and recurrence of the cervical cancer are still being sought. To the best of our knowledge, there has been no report about the relationship of HMGB1 and recurrent CSCC until now. In this study, we focused on the role of new tumor marker, HMGB1, in comparison with typical tumor markers in the diagnostics of cervical cancer relapse, including SCCA, CY-FRA 21-1, and CEA.
Increased expression of HMGB1 has been reported to be strongly correlated with tumor genesis and tumor metastasis (10-15). However, until now, there has been very little information about HMGB1 activity and its role in patients with cervical cancer. Hao et al (29) reported that the mRNA and protein expression of HMGB1 was significantly higher in CSCC than in normal cervical tissue and that it correlated with stage, invasion, and metastasis. The levels of both RAGE mRNA and HMGB1 mRNA were significantly higher in metastatic CSCC than in non-metastatic cases. We found significantly higher immunostaining score in the recurrent CSCC tissue sections than in non-recurrent disease. HMGB1 levels correlated with FIGO stage, lymph node metastases, local relapse, and distant metastasis.
Tumor cells overexpressing HMGB1 might release it in the extracellular medium, and extracellular HMGB1 might mediate many important functions, including development of a chronic inflammatory response, (16); hMGb1 -high mobility group box chromosomal protein 1. †For overall survival, the event considered was death from any cause. hazard ratios above 1.0 indicate a worse outcome. ‡For disease-free survival, the event considered was death or recurrence. hazard ratios above 1.0 indicate a worse outcome.
promotion of tumor cell survival, expansion, and metastasis through activation of intracellular signaling via binding to its receptor RAGE (30) (31) (32) (33) . Signaling through RAGE leads to the activation of the nuclear factor-kB pathway, mitogen activated protein kinase, type-IV collagenase, and Rac/Cdc42, which are important for cancer cell growth, invasion, and metastasis (34-36). HMGB1 could act as an oncoprotein because of its anti-apoptotic properties (10). In addition, overexpression of HMGB1 has been shown to cause modulation of the transcriptional expressing of many groups of genes reported to play key roles in different biological processes of neoplasm progression and metastasis (15) . Moreover, blockade of HMGB1-RAGE signaling has been shown to suppress tumor growth and metastasis (37).
In conclusion, this study demonstrated that the level of expression of HMGB1 was highly increased in recurrent CSCC. HMGB1 could be a useful and specific marker for evaluating the disease recurrence and predicting prognosis in patients with CSCC. Serial combined measurements of serum HMGB1, SCCA, and CYFRA21-1 increased the diagnostic specificity, and parallel combined testing increased the diagnostic sensitivity. The findings in this study may provide an insight into the development of new approaches for effective diagnosis and therapy of CSCC.
